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& ~v&~@&n to &t&&G & p&&&&e &d the opera-
ti0aii Aii%&3&ti&4 OP iii ii&ii,-fi6k -. turbti-propeiier  engi110
has b6m 6S3itikted in the c&+&d 8A-G tie eimf t-i. AEI partr
bf kfiiti iti$6&g&&i, $FG$Wb && &iip6&ure data were obtained
& BitittidG fk~iii 5000 to 35-056 &tit, &mprees&-itie% iam-pressure
+bi0b hehi L&I td l.ii? Eird. &i&e e~eds frti a000 to i3,oOO rpn._._. -hiieS& ~&SOii%G  &&&npe;i;&xres riiki&d & &kh &&ion in the
erigine a;r;is gr6iknted ifi taUar form for aii 0peraGng conditions.
%!he effects 0P engine b-@eiGd, sh& hor&5po%eti, +L& cmpreP&W-inlet
r&G@PWHiPij f&tio on p*eesUM ti fmpe*attiC dist+iI%tion lif each
tii%dtiing stiztioti  art3 presented gd@hiC~.

Chkk@&I iti Sagike @eied had tie &ppr&A%i.e effect on the cir-
cl.&Lf6~~ilf;i&l  or radial dititri&ition of *essures and temperature6
iit iii;Ji ijf the tie&stiins etatione #ith the ek6ption of the cmpr&sr
lioiy 'rjlet, @ifp~m30~ outlet i hnd tail-gipe-nozzle outlei;. Ae the
e&ini$ spssa %8 incketiSL,,th@  &&kl dititribtiti6ti Of: total pres;._._I .._-....tied &. &he cve&i3g i;;i& jjijg&jfig igBii mfm, whereit@ *he die&
ti;i6ti+&n  &jj +& *&f--i+-~,zgi~  &t&t ;be&& m&Q &&p&l *ym-
niSti;iSl. idth F&@& g0 the t@& & the tiiii pipe. L&kg& verik-
tionit iii the circumferen~iti di&ribution  of dy&imic preBsure a%TV 6~~~6ilrjij;~ ~ui;iei; oc~~~~ it ~ e~ne epeeds.

V~ia%iOm in &a& hortitipme$  did iiok ~6&$y affe& the
&+.GiSi;e"lZf;iZL ok Sdikl. &i&triiii&on of pressures and tmper8.i
tti& EI& kZ$ i&S&king S%%io;l EiXC@+J +& taii-pipe-noizie outlet,
wher6 the ~&k&-p%kir~  diril-&ibti%ioti bectie iuore uniform as the

.
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engine power was increaeed. Change8 in rem-pressure ratio fram
1.00 to 1.09 did not affect the distribution of pressure6 and tem-
peratures. Flow separation in the upper region of the right wing-
duct Inlet occurred for 8ome operating conditions and wae attributed
to high inlet-velocity ratio and rotation of the propeller elip-
stream. Loseee in total preeeure between the ccqreeeor outlet
and the turbine inlet were approximately 0.9 of the dynamic pree-
mre at the compreesor outlet.

An investigation to determine the perfonnanc 8 and the opera-
tional characteristics of the axial-flow gae turbine-propeller engine
has been conducted in the Cleveland altitude wind tunnel. Aa part of
thie Investigation, pressure and temperature data were obtained at
altitude6 from 5000 to 35,000 feet, ccmrpreseor-inlet ram-preseure
ratios fram 1.00 to 1.17, and engine speeda fraan 8000 to 13,000 rpa~
Performance characterietice  of thie enghe are presented in refer-
ence 1 a& wlndmllling cheracterietice  in reference 2.

Typical survey8 of total preeeuree, static pTesaure8, and
indicated temperatures at the meamring statlone throughout the
engine are presented herein. The effecte of engine speed, &aft
horsepower, and ccanpreesor-inlet ram-pressure ratio on theee pres-
sure and temperature distributiona  are briefly diBCU8Bed. Average
pressures and temperatures measured at each st;ation in the engine
ere presented in tabular form for all the operating conditions
preeented In reference 1.

-ION AND PROCEMIRE

The main component8 of the T31 gas turbine-propeller engine
are a U-stage axial-flow comprea8or, nine cylindrical counter-
flowcombuetion chamrbera,  aslngle-stageturbine, anexhaust
cone, and a two-stage planetaq reduction gear (fig. 1). The
over-all length of the axial-flow gas turbine-propeller engine
Is ll6 Inches and the maximum diameter ie about 37 Inches, The
dry weight of the engine, including piping and all acce8eories,
ia 1980 pounds. The engine was inetalled in a streamlined wing
nacelle that wae mounted in the 20-foot-diameter  test section of
the Cleveland altitude wind tunnel. A four-blade Hamilton-Standard
superhydromatic  propeller with a diameter of 12 feet, 7 Inches was
installed on the engine (fig. 2).
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AS2 entered  the iI&~atiOn  through  tW0 Wing &l&S With leading-
edge inlets behtithepropellor.  The vertioal oenterlines of the
inlets were located along the wing apan at about 60 peroent of the
blade radius (fig. 3). l%uEthe duots, the air flowed through an
annulss inlet into the ocmpre~mr. Air disohmged fran the oaqpree-
eor was turned 180° before entering the ocxnbustion o-bare. Ilot
gases leaving the ocmbuetion ohambera paeeed through the turbins
nozzles ard the single-stage turbine into an aunulm exhau8t oone.
The eustgaeee were dieohargedthrough  a atralghttailpipe
96 inohee in length ad. 14 inohee in diameter.

The operating limits for stat10 eea-level oo&litiona ae
eatabliahed by the manufaoturer are:

Turbine speed:
Maximumoverspeed.~ . . . . . . . . . . . . . . . . . .
lbrmalrated,rp . . . . . . . . . . . . . . . . . . . .
Idling, rpm . . . . . . . . . . . . . . . . . . . . . . .

Z&au&-gas temperature8 (at exhau6t-cone  outlet):
Milftaryrating,5minutes  ?F . . . . . . . . . . . . . .
Exmal oontinuous rating, b., . . . . . . . . . . . . . .
Startingand.aooeleration,°F . . . . . . . . . . . . . .

Bearingtemperaturee,% . . . . . . . . . . . . . . . . . .
Vibration:

At turbine frequency, in. . . . . . . . . . . . . . . . .
At propeller frequenoy, In. . . . . . . . . . . . . . . .

l.3,300
=,ooo
10,000

. 1265

. IL70

.1600

. 250

0.004
0.025

A description of the in&rumantation  inetalled at eaoh measuring
station (fige. 1 and 3) ie presented in reference 1. Preseurea were
measured on mercury, alkazene, ard water monometers aM were photo-
graphioally recorded. Temperatures were recmr&d on two eelf-
balanoiI3g potentioutetere.

The investigation wa8 oonduoted at altitudee  frcnn 5000 to
35,000 feet sad oaupressor-inlet  ram-pressure ratio8 fraan 1.00
to 1.17. At eaoh altitude and oompreseor-inlet  ram-preaBure ratio,
engine speeds were varied from 8COC to 13,000 rpn. The engine
&aft horsepower measured at the torquameter ranged from 70 to
1050 horsepower. Ambient preseuree and tamperaturee were main-
tained at approximately HACA StaxxIard altitude oo&itione. . .
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The average values of total pressure, static ~essure, and
imlioated tsanperature at eaoh measure station sre presented in
table I for all operating oonditions investigated. The effeots of
engine speed, shaft horsepower, and ocpapressor-inlet ram-pressure
ratio on pressure and temperature distributions at each measuring
station are shown in figures 4 to 32. All instrumentation exoept
that at the wing-duet inlets was viewed in the direotion of air
flOW.

Effect of engine speed. - A typical over-all average pressure
profile throu& the engine is presented in-figure 4 to show the
effeot of engine speed on the average pressure at each measuring
station. Whenthe engine speed was increasedfixra10,000to
l3,OOO rpm at approximately oonstant tail-pipe temperature, the
average pressures at the turbine inlet (station 5) were inureased
approximately 60 peroent, whereas the average pressures at the
turbine outlet (station 6) were raised approximately 10 percent.
The effeot of ohanging the engine speed From 10,000 to 13,000 m
on the greseure ani temDerature  distribution at eaoh measuring
station 18 shown in figures 5 to 13 for an altitude of 5000 feet
and a ocmtpressor-inlet ram-pressure ratio of 1.00. For these
engine speeds, the average tsmperature at the junotion of the
exhaust oone and the tailpipe was approximately 15OOOR.

The wing-duot inlet surveys presented in figure 5 show that
at engine speeds of 10,000 and 11,000 qxn very low total pressures
wers obtained in the upper region of the right wing-dust inlet.
These low total pressure8 apparently resulted from flow separation
on the inner surf-e of the upper lip. Although the inlet-velocity
ratios far these operating oolviitions were above unity, the total-
pressure distribution at the left dwt inlet was uniform. Flow
separation at ths ri@t duot inlet was probably oaused by a OCXIL-
bination of the rotation of propeller slipstream and the high
inlet-velooity ratios. At engine speeds of 12,000 and 13,000 qm,
the total-pressure distribution was uniform for both inlets.

At the ocmpreesor inlet (fig. 6), the radial pressure pr6-
files-were uniform at engine speeds of 10,000 snd ll,OOO rpm.
As the engine speed was increased to 13,000 rpm, the total pee-
sure at the middle p&ion of the annular passage inoreased  cud
the static pressure decreased, which indicates that the velocity
in this region was higher than at the wall. A reasonably uniform
ofromferential  pressure distribution was obtained at all engine
spesde.
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A survey of the static pressure through the ocmpressor for
several engine speeds is shown in figure 7. Ccqressor-outlet  pres-
sure and temperature distributions are shown in figure 8. Close
agreement existed between the total-pressure measurements obtained
with tubes located on the struts in the cawpresscr-outlet  passage
s&l the center tube of the rakes with the exception of rake 3. A
uniform circlrmferential  static-pressure distribution was obtained;
however, variations In the total-pessure  distribution resulted in
a large dynamic-pressure gradient arouzld the ocmpressor-outlet
snnulus . For each engine speed, the dynsmio pressure at rake 2
was approximately three times as great as at rake 1. The odroum-
ferential distribution of total and static pressures at the turbine
inlet was uniformfor eachengine speed, as showninfigure  9.
Beoause the oaqressor-outlet stat10 pressures were uniform and the
pressurelossthroughthe  ocmbustionohambers was approximately
0.9 of the dynamio pressure at the oaupressor outlet, the resultant
distribution of total pressure at the turbine inlet was uniform.

Turbine-outlet total snd static pressures afe shown in
figure 10 and turbine-outlet indioated temperatures in figure 11.
The circumferential distribution of total and stat10 Fessurea
was nearly uniform for the four engine speeds presented. A oon-
siderable radial total-pressure variation was observed at rake 3
for engine speeds of 12,000 and 13,000 rpm. In general, the stat10
pressures measured by water statio-pressure tubes were lower than
those measured by wall static-pressure tubes. With the exception
of combustion chambers 1, 7, and 8, the turbine-outlet itiioated
temperatures were fairly uniform. The large tamperature variation
among these three combustion ohsmbers probably resulted from uneven
fuel and air distribution. Flow-bench tests showed that the fuel
nozzle installed in ocrnbustion ohamber 7 had the highest fuel flow
under aU oonditions  Investigatsd, whioh acoountsd in part for the
highest temperature ooourring in that oanbustion mber. As the
engine speed was increased to 12,000 m, the temperature differ-
ential at the turbine outlet was decreased; however, at 13,000 rpn
a slightly greater differential was observed than at 12,000 q.
Owing to the effeot of radiation on the thermooouples,  temperatures
measured at the turbine outlet were used only to determine burner .
ignition aryf unbalanoe.

Circumferential distributions of total pressure, statio pres-
sure, ami indicated temperature measured at the exhaust-oone outlet
(fig. 12) were uniform for the range of engine speeds presented.
For sane oonditions, not shown graphically, however, kuperature
variations as great as 140° were observed. Two thermooouples
located at this station were oonueoted in parallel to a gage on
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thse~oontrolpsnsltoiPBios~l~t~ezhauet'-~stsmrper~
tures. Thetumpmaturemsasureclbythese  thmuples is not shown
In figure 12. Exhaust-gas temperature limits wsre established at
this station by the mszwfaoturer.

The distribution of pressurss a& temperatures in a vertioal
plane asross the tail-pips-noszle  exit 18 shown in figure W. The
total-Rremiure wofile at this station bang& with englns speed.
It is notedthatthe distributlonoftotal  pressure for the top
atd bottom halves of ths rake was Pot symnstrioal. As the engine
speedwas i.rmreased,thst~-wessure Icofilebeoamenmre  uui-
foxvawithrespestto  the oeutea. of the tail pipe. In order to
obtain asourate msasursments both vertioally and oiruumferentially,
itwouldbe ueoessssytomake surveysinmcme thauoueplane.
T~~turesmeaeuredatthetsil-pipe-~ttl~-eritraloe  agreed
reasonably well with ths aver- turbine-outlet tempsrature, but
for acme ootiitious these tmnpsratures were hi&er than those
msasured at the juustion of the ezhaaprt oone azvli the tail pipe.

Effeot of shaft horsepower. - A typioal over-all pressure pro-
filethroughthe Angie showIngthe effeotofshd%horsepoweris
presented In figure 14. Total-peesure, statio-pressure,  ti
irddsted-temperature dlstributlms at eaoh measure station ars
shown In figures l5 to 23 for shaft horsepowers of 425 anb 951 at
an englne speed of 13,000 qn. These data were obtained at an
altitude of 5000 feet apd a oanpressat+iulet  rszn-pressure ratio
of 1.00.

The change in shaft horsepower had no appreoiable  effeot on
the pressure s&tempsrature distributions at the wing-dust inlets
ard. the oanpressor iulet. Au inarease In shsft horsepower raised
the oaupressor-pressure  ratio as shown by the increase in static
pressure for each stage of the oanpessor stator in figure17.
Inasmwhas choking occurred attheturbine notzlss, the higher
fuslflowrequiredto lnorease ths shafth~~sepower reeulted  in
a higher turbine-inlet temperature ad. pressure azxl oonsequently
a hi@er o~essor-~essure ratio.

The shange of powsr had no appreolable effeot on the distri-
butions of pressure ana tmnperature  at the ccstpressor outlet, i&s
turbine inlet, a&. the turbine outlet, as shown in figures 18 to 21.
The teunpsrature  level at the turbine outlet, howevsr, was raised
approximately 200° R with the inorease in ah&t horsepower (fig. 21).
The survey at the erhsast-sane  outlet shows a slight ahauge in the
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oiroumferentlal total-pressure distribution (fig. 22). An inorease
in shaft horsepower resulted in a mars uniform distribution of total
pressure at the tail-pipe-nozzle outlet (fig. 23).

Effect of ram-pressure ratio. - The effect of ra-pressure ratio
on the total-pressure, statioqressure, VIA indioated-temgerature
surveys is shown in figures 24 tq 32 for oompresaor-inlet rsrm-pressure
ratios of 1.00 a& 1.09 a& shaft horsepowers of 380 ti 330. These
data were obtained at an altitude of 35,000 feet ti an engine speed
of l3,oCO rpm. In general, the variation of oazpressor-inlet rsm-
pressure ratio from 1.00 to 1.09 dldnot have auy appreoiable effect
on the pressure and tcaaperature distributions.

Wing-duot-inlet surveys (fig. 24(a)) show that at a ocmpressor-
inlet ram-pressure ratio of 1.00 there was evidenoe of flaw separa-
tion in the upper region of the right duot. As was previously
dissussed, this flow separation is attributed to the rotation of
the propeller slipstream aM the high Inlet-velooity ratio. higher
pressures ooourred at the ocanpressor outlet a&. the turbine met
when the ram-pressure ratio was increased to 1.09. (See figs. 27
arxi 28, respsotively.)

The following results were obtained fran an investigation of
an axial-flow gas turbine-propeller engine in the Cleveland altitud
wind tunnel over a range of altitudes frcpn 5000 to 35,000 feet,
engine speeds froaa 8000 to l3,OCO m, a& rsrm-pressure ratios
fram approximately 1.00 to 1.17:

l.Chauges inengine apsedhadno appreciable effeotonthe
circumferential or radial distribution of pressures and tempsra-
tures at any of the measurLng stations with the exoeption of the
ocmpressor inlet, the oompressor outlet, aud the tail-pipe-nozzle
outlet. As the engine spesdwas insreassd, the radial distribu-
tion of total pressure at the ocaqressor  inlet beosme less unIforza;
whereas the distribution at ths tail-pipe-nozzle outlet became more
nearly t3yrmetrioaJ. with respeot to the oenter of the tail pipe.
Large variations in the oirotierential  distribution of dynamio
pressure at the o~esscr outletooomred stall engine speeds.
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2. Variation of shaft horsepower did not greatly affect the
ciroumferential  or radial distributions of pressures and tempera-
tures at any measuring station except the tail-pipe-nozzle outlet,
where the total-pressure distribution became more uniform with an
lnorease Inengine power.

3. The oiroumferential  or radial distributions of pressure
and temperature were unaffeoted  by a change in ram-pressure ratio
from 1.00 to 1.09.

4. Flow separation, which ocourred in the upper region of the
right wing-duot inlet for 8-e operating conditions, was attributed
to high inlet-velooity ratio and rotation of the propeller slip-
stream.

5. The total-pressure loss between the compressor outlet and
the turbine inlet was approximately 0.9 of the dynamic pressure
at the compressor outlet.

Flight Propulsion Research Laboratory,
National Advisory Ccmmittee  for Aeronautics,

Cleveland, Ohio.
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F i g u r e  I. - Side view of axial- f low gas turbinbpropellsr  englns showing locat ion of measuring
sta t ions.
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C- 1738512- 12-46
Figure  2. ::-Front view of axial-flow  gas turbine-propeller  engine

installation in altitude wind tunnel.
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Figure 3. - Sketch of  axial-Pvow gas turbinbpropel  ler engine Instal lat ion showing locat ion of wing 3
ducts and inlets.
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Figure 4. - Typical  over-al l  average pressure prof i le through axial- f low gas turbine-propel ler
engine for engine speeds from 10,000 to i3,OOO  rpm. A l t i tude ,  5000  fee t ;  compressor - in le t
ram-pressure rat io, 1.00.
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Figure 23. - Concluded.
(b) Shaft horsepower, 951.

Ef fec t  o f  sha f t  horsepower  on  d is t r ibu t ion  o f  to ta l  p ressure ,  static pra-
sure, and  ind ica ted  tempera tu re  at ta i l -p ip&nozz le  ou t le t . A l t i t u d e ,  5000  f e e t ;  comprassor-inlet
rfm-pressure  r a t i o , 1.00; engine speed, 13,000 r-pm.
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Figure 24. - E f fec t  o f  compressor - in le t  ram-pressure  ra t io  on  dlstrlbutlon  o f  to ta l  p ressure ,  stattc
pressure, and indicated temperature at  wing-duct in lets,
13,000 rpm.

Alt i tude, 35,000 feet;  engine speed,



x

470

k
460

it <
k ‘;I
I 4
: ::
5 $
44, fi

3 5’

g4bo i

i gi
I

::

3

--mF c-3 1”;:
L&t wing-duet i*.t Right.~dllDt  inlet CA

600

500

b o o

I I I I III I I I I I I

019340 01 8 a 4 I OlUS4b ore III
M‘tQlar n-a b0tt.a or 4utt, Lo.tbl OmP.lrorlnht  m.-~r..sur.  ratio, 1.00; ‘hft howepa~r. 2,350.

f igure 24. - Concluded. E f fec t  o f  compressor - in le t  ram-pressure  ra t io  on  d is t r ibu t ion  o f  to ta l  p res -
sure ,  s ta t i c  p ressure , and indicated temperature at  wing-duct in lets. A l t i tude ,  35 ,000  fee t ;
engine speed, 13,000 rpm.

zcl
>

E

z.

s7-l
0IT

. 1 I ,- .



I

484

. . .

t:
om 430 g
i 2
1 l-l.

I 1
a’ -
5
j 1
+r
2a1. 1

!! 460

j

mo

0

400 ti

I

(a) cmpresaoa-lalet raa-preasnre ratlo, 1.00; ahlrt hmaepowsr, 340.
I

ml

I I I I I ”

a .

2

B.
Total pressure
Btotlc p~sesurs m
Indicated tenperstum mll

00.

0 lbtol-p-estxue tab0
. 8tatio-pmsmlre  tuba
n Tbemooouple

Coeprcssor Inlet, looklq aft

I I I I I I I I I I I I I I I I I I
0 1 a

MstAe from  lLd0 wall: in.
0 1 a

(b) CompmamrWst mm-prernura ratio, 1.09; shaft hosaapmr, 350.
Figure 2.5. - E f fec t  o f  compressor - in le t  ram-pressure  ra t io  on  d is t r ibu t ion  o f  to ta l  p ressure ,  s ta t i c

pressure, and indicated temperature at compressor inlet. Al t i tude, 35,000 feet;  engine speed,
13,000 rpm. s
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F i g u r e  27. - E f fec t  o f  compressor-inlet  ram-pressure  ra t io  on  d is t r ibu t ion  o f  to ta l  p ressure ,  s ta t i c
pressure, and indicated temperature at compressor outlet. A l t i tude,  35,000  fee t ;  eng ine  speed, 8
I3,OOO  rpm.
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Figure 2%

(a) Compressor-hlet raarpFcssure ratio, 1.001 shaft horsepower, 340,(a) Compressor-hlet raarpFcssure ratio, 1.001 shaft horsepower, 340,
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(b) Compressor-inlet ram-pressure ratio, 1.08; shaft horsepower, 330.
- Effect o f  compressor - in le t  ram-pressure  ra t io  on  d is t r ibu t ion  o f  to ta l  and  s ta t i c  p res -

sures at turbine inlet. Alt i tude, 35,000 feet;  engine speed, 13,000 rpm.
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(a) Compressor-inlet ram-pressure ratio, 1.00; shft hDrscpowcr,  340.
Ire 20. - Effect  of  compressor- in let  ram-pressure rat io on dlstrlbutlon  of indicated temperat

a t  t u r b i n e  o u t l e t . Altitude, 35,000 feet; engine speed, 13,000 rpm.
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(b) Compressor-inlet ram-preseure  ratio, 1.09; shaft hDmepaweo, 330.
tgure 31. - Concluaed. E f fec t  o f  compressor - In le t  ram-pressure  ra t io  on  distrlbutlon o f  to ta l  prcs-
sure, atat lc pressure, and indicated temperature at  exhaust-cone out let . Altitude, 35 ,000  fee t ;
engine  s p e e d ,  13,000 rpm.
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gum 32. - E f fec t  o f  compressor - In le t  rmwpressure  ra t io  an  distrlbutlon  o f  to ta l  p ressure ,  static
pressure,  and indicated temperature at  tail-pipe-nozzle  out let . A l t i tude ,  35 ,000  fee t ;  eng lne
speed, 13,000 rpm.
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Figure 32.
(b) Compressor-inlet ram-pressure ratlo, 1.09; heft horsepower,  330.

- Concluded. Effect of compressor-inlet ram-pressure ratlo on dlstrlbutlon of total pres-
sure, static pressure, and Indicated temperature at tall-pipe-nozzle outlet.
engine speed, 13,000 rpm.

Altltuda, 35,000 feet;
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